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PHOTOIONIZATION YIELD AND ABSORPTION C O E J ? F ~ G L ~ Y  

OF XENON I N  THE REGION 860-1022 i* I 

Absorption c o e f f i c i e n t  and absolu te  photo ioniza t ion  y i e l d  

o f  xenon gas have been measured by pho toe lec t r i c  methods with 

0.2 A bandwidth i n  t h e  860-1022 A region.  

were obtained w i t h  a platinum d e t e c t o r  c a l i b r a t e d  aga ins t  a 

c a l i b r a t e d  thermocouple. 

throughout t h i s  region which inc ludes  pre ionized  Rydberg l i n e s .  

The absorp t ion  c o e f f i c i e n t  a t  most wavelengths f e l l  between t h e  

0 0 

I o n i z a t i o n  y i e l d s  

A y i e l d  value of u n i t y  w a s  obtained 

spread of previous values .  
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INTRODUCTION 

Recently, several investigators (1)-(5) have measured the 

absorption coefficient of xenon in the spectral region below 

1022 A by means of photoelectric techniques. 
0 

Furthermore, 

Samson(') reported that the rare gases have the same relative 

photoionization yield at many wavelengths and concluded that 

"the most probable value for the ionization yield of rare 

gases is unity even in the regions of auto-ionization." This 

conclusion is consistent with our earlier ionization measure- 

ment (7) of xenon. 
photoionization of rare gases f o r  absolute intensity measure- 

ments as proposed by Samson, ( 6 )  further support seems desirable. 

In the present study, we have remeasured the absolute 

7 

. 

However, in view of the importance of the 

photoionization yield of xenon with the aid of a calibrated 

thermocouple at about two hundred wavelengths in the region 

860-1022 A. 

we a l s o  present the absorptionlcoefficient of xenon in this 

0 

In view of the wide spread in the reported values, 

region. 

The absorption coefficient k in cm-l is defined by the 

equation, I = Ioexp(-kx) where Io and I are the incident and 

transmitted intensities, and x in cm is the layer thickness of 
0 

gas reduced to 0 C and 1 atm pressure. 



. 



e- 

3 

EXPERIMENTAL 

Absorption c o e f f i c i e n t s  were measured by a method descr ibed 

previous ly  (7)  w i t h  some improvements. Experimental cond i t ions  

were as fol lows:  

a r e s o l u t i o n  of 0.2 A; the  l ight source w a s  a hydrogen d i s -  

charge tube operated a t  0.35 A dc and about 800 V; t h e  absorp- 

t i o n  chamber w a s  l oca t ed  between t h e  e x i t  s l i t  and a g l a s s  

p l a t e  coated with sodium s a l i c y l a t e ;  a EMI 9514B pho tomul t ip l i e r  

w a s  p laced behind t h e  g l a s s  p l a t e ;  c e l l  l eng ths  of 13.6 cm and 

27.1 cm were used. 

a McPherson one-meter monochromator provided 
0 

Ion c u r r e n t s  were measured v i a  two p a r a l l e l  p l a t e  e l e c -  

t rodes  extending over t h e  l e n g t h  of t h e  absorp t ion  chamber. 

The e x i t  s l i t  j a w s  were e l e c t r i c a l l y  i n s u l a t e d  from t h e  s l i t  

mount and wired t o  t h e  p o s i t i v e  p l a t e ;  a similar arrangement 

w a s  descr ibed by Samson. (6) The vol tage-current  curve showed 

a s a t u r a t i o n  p l a t e a u  above 10  V, and usua l ly  15 V w a s  app l i ed  

ac ross  t h e  p l a t e s .  

Pressures  of xenon gas (Airco reagent  grade)  were measured 

cont inuously w i t h  a Consolidated micromanometer connected 

d i r e c t l y  t o  t h e  absorpt ion chamber. The manometer w a s  c a l i -  

b ra t ed  aga ins t  a McLeod gauge with s t a t i c  gas and then  by t h e  

absorp t ion  method(7) with gas  flowing i n  t h e  absorp t ion  chamber. 

The r e s u l t s  were t h e  same; t h e r e f o r e ,  with a 0.017 mm s l i t ,  t h e  

p re s su re  d i f f e r e n t i a l  i n  t he  chamber appeared t o  be n e g l i g i b l e  

for pres su res  i n  t h e  range 0.01-0.3 mm Hg which were used. 

A windowless Reeder comp.ensated thermocouple with a 
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d e t e c t o r  a r e a  of 1 mm x 3 mm w a s  used f o r  measurement of 

absolu te  i n t e n s i t y .  

placed over t h e  d e t e c t o r  so t h a t  only t h e  s e n s i t i v e  a r e a  would 

be i l lumina ted  during measurements. 

c a l i b r a t e d  (8)(9) i n  a i r  against  a s tandard lamp from t h e  

Rat iona l  Bureau of Standards according t o  t h e  recommended 

procedure.  

t h e  s e n s i t i v i t y  of an Eppley thermopile t o  wi th in  1% of t h e  

s p e c i f i e d  va lue .  The vacuum-to-air r a t i o  w a s  obtained i n  a 

A sl i t  of a r e a  0.519 mm x 2.60 mm w a s  

The thermocouple w a s  

Our c a l i b r a t i o n  method w a s  checked by measuring 

manner s i m i l a r  t o  those described previous ly .  ( 8 ) ( 9 )  The 

thermocouple s e n s i t i v i t y  i n  vacuum under opera t ing  cond i t ions  

w a s  6.73 pV/pW. 

The thermocouple was t o o  i n s e n s i t i v e  f o r  use with a 

0.017 mm s l i t ;  t he re fo re ,  a platinum pho toce l l  w a s  s e l e c t e d  

as a secondary d e t e c t o r  a f t e r  ob ta in ing  reproducible  photo- 

e l e c t r i c  y i e l d  i n  t h e  region 900-1300 A. 

w a s  placed i n  t h e  ion  chanber could be moved i n  and out of 

0 

The pho toce l l  which 

t n e  light beam and a l s o  be c a l i b r a t e d  r e a d i l y .  

There a r e  a t  l e a s t  two poss ib l e  sources of systematic  

e r r o r  i n  our thermocouple c a l i b r a t i o n :  ( a )  assumption of  

s p e c t r a l  II b lackness" o f  the thermocouple and ( b )  l o s s  of 

energy t o  photoe lec t rons  from t h e  gold b lack  depos i t .  Sn i th  (10) 

determined a re f lee ta r ice  o f  0 .3  y o  for gold b lack  i n  t h e  photon 

energy range 7-14 eV. Furthermore, Lee and Se l iger ( ' l )  have 

repor ted  t h a t  depos i t s  of  gold b lack  can be h igh ly  non-selec- 

t i v e  i n  t h e  v i s i b l e  and in f r a red  as shown by Harris e t  a l ,  (12)  
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but t h e  same may not  be t h e  case f o r  t h i n  f i l m s  used i n  "fast" 

thermocouples. 

t h e r e f o r e ,  assumption ( a )  appeared t o  be a reasonable one. 

We have used t h e  former type  of thermocouple; 

The p h o t o e l e c t r i c  y i e l d  of gold b lack  w a s  measured i n  t h e  

F i r s t ,  t he  s p e c t r a l  i n t e n s i t y  i n  t h e  r eg ion  fol lowing manner. 

850-1300 A was measured with t h e  thermocouple. 

vo l tage  was appl ied  t o  i t s  gold b lack  element v i a  i t s  l e a d s  t o  

measure photoemission cur ren t  i n  t h e  same region.  S a t u r a t i o n  

c u r r e n t  was obtained w i t h  7 V between t h e  gold b l ack  and t h e  

therixocouple housing. 

about 5 70, whereas obtained 4 . 2  70. The d i f f e rence  

may be ascr ibed  t o  t h e  samples. 

eixission cu r ren t  w a s  opposed by a c o l l e c t i o n  cu r ren t  which w a s  

apparent ly  due t o  e l ec t rons  emitted from t h e  s l i t  jaws, and 

t h e  n e t  cu r ren t  w a s  l e s s  than 5 70 of t h e  s a t u r a t i o n  c u r r e n t .  

Therefore,  no c o r r e c t i o n  was appl ied  t o  our thermocouple 

c a l i b r a t i o n .  

0 

Next, a negat ive  

0 

The p h o t o e l e c t r i c  y i e l d  a t  900 A w a s  

With no app l i ed  vol tage ,  t h e  
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RESULTS AND DISCUSSION 

A. Absorption Coeff ic ien t  

The absorp t ion  c o e f f i c i e n t s  o f  xenon i n  t h e  reg ion  
0 0 

940-1025 A and 860-940 A are  summarized i n  Figs .  1 and 2, 

r e spec t ive ly .  

t h e  two Rydoerg s e r i e s  i d e n t i f i e d  by Beut le r  (13) a r e  designated 

i n  these  f i g u r e s .  

obtained with f o u r  or more xenon pressures .  

i n  t h e  mean k value a t  most wavelengths was est imated t o  be 

i o n i z a t i o n  th re sho lds  and 
1/2 

The 2P 3/2 and ‘P 

Each data  po in t  r ep resen t s  a mean IC value 

The unce r t a in ty  

about 10 70. 
The genera l  f e a t u r e  of t h e  absorpt ion s p e c t r m  i s  i n  

good agreement with t h e  r e s u l t s  o f  Huffman e t  a1 ( ) and 

Metzzer acd Cook. (5) 

continuum as l i g h t  source and were ab le  t o  reso lve  members o f  

oile RydSerg s e r i e s  up t o  n = 1 8 .  Recently, we have a l s o  used 

the h e l i u n  continuum and observed members up t o  m = 20; but  

we made :-LO attempt t o  improve Fig .  2.  

These i n v e s t i g a t o r s  used t h e  helium 

Some of t h e  k values  obtained by s e v e r a l  i n v e s t i g a t o r s  

2re listed i n  Table 1 f o r  comparison. 

t h e  region 860-1022 A a r e  c o n s i s t e n t l y  lower than t h e  va lues  

obtaineci b y  Huffman ex sl(2) by about 20°/0 but  a r e  somewhat 

n igher  than  those oijtaii-led by Metzger and Cook. (5) 
d i f f e rences  may be a t t r i b u t e d  mostly t o  systematic  e r r o r s  i n  

2 re s su re  determinat ion of gas  flowing i n  a windowless c e l l .  

The present  r e s u l t s  i n  
0 

These 
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B. Photoionizat ion Yield 

The photo ioniza t ian  yield. of xenon i n  t h e  region 
0 

860-1022 A i s  shovm i n  Fig.  3. 

of t h r e e  o r  more y i e l d s  obtained with d i f f e r e n t  gas p re s su res .  

About 85 “/o of  t h e  mearl y i e lds  l i e  i n  t h e  range look5 y o .  
Thus, wi th in  experimental error, t h e  Rydberg l i n e s  are com- 

p l e t e l y  preioii ized as previously i n f e r r e d  from t h e  width o f  

t h e s e  l i c e s .  A curve f o r  t h e  r e l a t i v e  photo ioniza t ion  e f f i -  

cii;->?ey o f  xenon obtained by Nicholson (14) a l s o  shows t h a t  t h e  

loVJer members o f  t h e  Rydberg s e r i e s  ar? h ighly  pre ionized .  

The low y i e l d  values i n  the region 923-930 A as shohT,; i n  

F i g .  3 may be ascr ibed  t o  t he  incomplete r e s o l u t i o n  of t h e  

h ighzr  ri1enbez-s 05 t he  RydSerg s e r i e s .  However, t hese  Rydberg 

1’ Ll lLa  1- 3 c 

lerigth, aind i o n l z a t i o n  e f f i c i e n c y  niay a c t u a l l y  be l e s s  t h a n  

1OC 70. 
t o  t h e  low in t e r l s i t y  of’ 0U.i“ l i g h t  source.  

Each po in t  r ep resen t s  a mean 

0 

a r e  m c h  sharper  thzan t h e  broad l i n e s  a t  longer  wave- 

0 

The l a r g e  s c a t t e r  of value below 880 A w a s  a sc r ibed  

With t h e  exception noted a’oove, t h e  p re sen t  r e s u l t  shows 

t h a t  t h e  photo ioniza t ion  y i e l d  of xenon i s  u n i t y  throughout 

t h e  regioi? 860-1020 A. By combining t h i s  r e s u l t  with t h e  

data ob’iained by Sarison, (6) we may conclude t h a t  t h e  photo- 

0 

iei-iizatiofi y l c 1 c  cf ::?:;on, !cr;.-;3tcn, argon 2nd ,n,poc Ts ij:cnt:r 
0 

a t  least down t o  1?5O A. 

photoiorLizatioinL of t h e  rai-e gases  provides  a very convenient 

rAe-‘i;hod to determine absola te  i n t e n s i t i e s .  However, f o r  t h e  

reg ion  920-1022 A where only xenon can be used, we found i t  

We a r e  i n  accord with Samson (6) t h a t  

G 
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necessary to use xenon at t w o  or three pressures because its 

a b s o r p t i o n  coefficient varies over a wide range. 
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TABLE I. 

WAVELENGTHS 

ABSORPTION CQEFFICIENT (IN CM-') OF .XENON AT SOME 

0 

h(A) Huf &an ( * )  Metzger (5) Samson (3 )  Present 

1410 1020 1500 , 650 

1002 350 350 290 
995 5100 3500 4100 

970 350 200 290 
966 4900 3500 4100 

954 400 330 300 

860 1930 1600 1560 1700 

920 2100 1800 1680 1800 



Figure Captions 

Fig. 1. Absorption coefficient of xenon in the region 
0 

940-1022 A. 

Fig. 2. Absorption coefficient of xenon in the region 

860-940 i. 

11 

, 

Fig. 3. Absolute photoionization yield of xenon in the  
0 

region 860-1022 A. 
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